Intracerebroventricular infusion of glucose, insulin, and the adenosine monophosphate-activated kinase activator, 5-aminoimidazole-4-carboxamide-1-beta-D-ribofuranoside, controls muscle glycogen synthesis.
The AMP-activated kinase has been proposed to be an important intracellular energy sensor because the enzyme controls lipid and glucose oxidation. In the corresponding knockout mice, insulin-stimulated muscle glycogen synthesis and glucose tolerance are reduced. In addition, these mice excrete catecholamines in excess, suggesting that the central and autonomic nervous systems are impaired. Indeed, in the brain, fuel sensor mechanisms have been described, and recently, evidence has shown that the AMP-activated kinase could control food intake. We show in this study that the intracerebroventricular infusion of 5-aminoimidazole-4-carboxamide-1-beta-D-ribofuranoside (AICAR), a pharmacological AMP-activated kinase activator, increased insulin-stimulated muscle glycogen synthesis and insulin sensitivity during a hyperinsulinemic clamp. Similarly, we infused AICAR in the brain of fasted mice, i.e. when insulinemia was low, and showed that muscle glycogen synthesis was also increased. We then studied the effect of a cerebral infusion of the peripheral signals, i.e. insulin and glucose, known to be detected by the brain. The cerebral infusion of insulin increased muscle glycogen synthesis. This effect was blunted by the coinfusion of glucose, which induced insulin resistance. Importantly, the cerebral injections of AICAR, insulin, and glucose were associated with variations in the phosphorylation state of the AMP-activated kinase in the hypothalamus. In conclusion, our data showed for the first time that 1) the brain is sensitive to insulin and glucose for the regulation of muscle glycogen synthesis; and 2) the cerebral infusion of AICAR enhances insulin sensitivity. Although the above mechanisms are correlated with the regulation of AMP-activated kinase, the direct involvement of the enzyme in the mechanism remains to be demonstrated.